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Abstract
[bookmark: _Hlk171296110]This document analyses next generation video codec use case and requirements, suggests minor up-date, and comments on potential Call for Evidence.
Use case and requirements up-date 
Minor up-date on next generation video coded use case and requirements provided as delta to M70750 (newer version of this document was not available at the time contribution was prepared).
Up-dated text suggested to be reviewed. Changes are targeting to emphasize needs of mobile device manufacturers, to strengthen ultra-low end-to-end transmission latency requirements and to put challenging content into the focus.
The reasons behind suggested changes are also explained in Huawei response to the market needs questionnaire on NextGenVideoCodec (copied here for reader’s convenience).
As a telecommunication company and smartphone manufacturer, Huawei aims to improve experience of video services users and maintain reasonably low reduce implementation cost and power consumption of video coding standards. According to our observations instability of video delivery though the network due to the packet loss mostly occurring during network traffic peaks has the biggest effect to user experience degradation. Since video constitutes most of the network traffic, and video traffic keeps growing, seamless video delivery on both mobile and fixed networks can be achieved only by both enhancing capability of networks and improving video coding. 
Traditionally, the major (sometimes the only) focus of video groups of MPEG while developing video codec was rate reduction for higher resolution video. An effect of new codec elements to the end-to-end transmission latency was out of focus for video groups of MPEG.
Each new generation of video codec developed by MPEG comes with substantial complexity increase. To our observation encoding complexity and power consumption demand of video coding standards grow much faster than computational capability of hardware and software, which results in high implementation cost and/or very limited benefits for wide range of use cases, mostly those which require real-time encoding on mobile devices.
As receiver devices manufacturer, Huawei must support all actively used video coding standards. Analysis of streams, our smartphones receive shows that among MPEG produced codecs currently HEVC and AVC are dominating, very limited portion of video traffic and only in China comes encoded with VVC.
Benefits of VVC over HEVC for real-time encoding on mobile devices, under constrain no more than 3 hardware area increment, so far have been found not sufficient to justify migration to VVC encoding on Smartphones for next few years. Unfortunately, Huawei has not yet identified any relevant business use cases for VVC deployment. 
JVET plans to launch a Call for Evidence in 2025, targeting to the completion of the new standard by 2028-2029. This timeline may provide adequate device support by 2032-2033 (the earliest). Given very slow progress in VVC deployment, Huawei anticipates that VVC will just start to gain wide deployment at that time. Existence of alternative international video coding standard would cause market confusion and increased production cost for manufactures of receiver devices due to the need to support extra codec. 
According to our observations UHD 60 fps video transmitted at 10 Mbps operates smoothly on wide range of devices, including mobile, and doesn’t require further bit reduction. Big portion of camera captured UHD 60 fps video content already achieves nearly transparent quality being compressed to 10 Mpbs rate. However, content with high texture (like leaves, grass) in combination with stochastic motion (like water), video content with fast moving objects, some HDR content due to the high local contract still require much higher rate than 10 Mbps. None of existing video coding standards is able to handle such kind of video content. Quality of 3D multi-view video content at typical rates is not high enough to enable sufficiently wide deployment. If next generation video coding standard will focus on rate reduction for such kind of challenging content, then the value of potential new standard over VVC would be higher.
Huawei anticipates that rate reduction will not be a major decision-making factor for adoption of next generation video coding standard (as it is not for VVC). The compression performance of VVC with as fast as typical HEVC mobile encoder would be for sure considered seriously by wide range of video market players. 
Power consumption (both encoder and decoder) is critical for mobile applications, and so must remain reasonably constrained. If CPU run time will remain the only complexity measure during next generation video coding standard development, then addressing this requirement would not eb possible.
Another highly demanded property is ultra-low end-to-end transmission latency. If next generation codec would be friendlier (compared to VVC) for recovering video signal from partially arrived stream then (according to our estimation) this could become serious argument toward adoption next generation video coding standard in rapidly growing interactive cloud gaming and automotive businesses (and other interactive video services operating under constrain for end-to-end transmission latency 20 ms and lower).  Such kind of applications naturally operate under condition of tightly constrained encoder. 
If the Call for Evidence does not demonstrate clear benefits regarding these fundamental requirements compare to VVC, the evidence demonstration would not be convincing. If group will continue coding standard development focusing on only rate reduction, then a new video codec may still be needed but much later.
How to demonstrate evidence?  
Call for evidence should demonstrate following:
· Group has sufficient amount of test content, reflecting all major use cases
· Test content is challenging enough for existing video codec standards
· Group has agreed testing procedure which allows to derive meaningful conclusion 
· There is at least one codec solution which meets key requirements.
This section analyses prelateship between JVET AhG17 activity (considered as preparation for potential CfE) and use case and requirements document.
		2. Compression capability
Requirement:
· The next-generation coding standard shall be capable of providing a substantial bit rate reduction at similar subjective quality compared to the VVC Main 10 profile over a wide range of bit rates. For the entire anticipated operation range, it shall provide some bit rate reduction relative to existing standard(s) for equivalent subjective quality.







AhG 17 prepared viewing tests, selected video sequences and identified target rate points for CfE. This was done though viewing and results analysis. For VVC anchor rates from poor (MOS  2) till high (MOS  8) quality were identified. Among UHD sequences considered as CfE content candidates only two require higher than 10 Mbps rate to achieve highest level of quality. It is asserted that rate below 10 Mbps is acceptable for the majority of applications, it is suggested to add more challenging content to potential CfE.

	3. Complexity
Complexity refers to computational resource consumption (in terms of battery drainage, power consumption, computing cycles, memory capacity, memory bandwidth, etc.) based on typical computing architectures and parallelization mechanisms. 



In JVET a CPU run time is the only complexity metric for traditional coding methods (studied in JVET AhG12, EE2), additionally kMac/pxl and number of neural network model parameters are used for neural network-based algorithms (in JVET AhG11, EE1).  Non of those complexity metrics is good enough to predict battery drainage, power consumption, memory bandwidth. In order to demonstrate an Evidence JVET is ready to conduct more meaningful complexity assessment it is recommended to extend complexity metrics: 1) compute kMac/pxl and number of parameters for traditional coding tools, not only for neural-network based (first attempts have been already taken  by JVET AhG 7), 2) measuring observable time (mixture of CPU and GPU, including data transfer time) would give better understanding about complexity in modern reality full of GPU and NPU, 3) develop  additional complexity metric, hopefully figure out correlation with power consumption (some complexity metrics were successfully used in  past JVET and JCTVC activities, they can eb revised and re-used).

	3. Complexity
…
Requirements:
· The next-generation coding standard’s complexity shall allow for feasible implementation at the expected time of usage …
· Real-time decoding shall be feasible at the expected time of usage.
…
· The standard may provide multiple decoder complexity configurations and shall provide a reasonable gain over existing standards for each such configuration. That is, the standard shall offer a substantial gain when operating in a higher complexity configuration, and a meaningful gain when operating in a lower complexity configuration.
· 











Such kind of wording very is a bit tautological: standard will not be used until implementation will become feasible, so time of use depends on complexity. It is suggested to clarify target level of complexity and so give clearer message to the market and guidance to JVET. For example, the final target could be:
· decoding complexity, no more than D of previous standard,
· coding benefits of G% should be achieved with no more than E encoding complexity increment,
· in order to address the requirements of multiple decoder complexity configurations several combinations Gi, Ei, Di  of target compression performance improvement, encoding and decoding complexity increment limits can be agreed by the group, for example, 20% compression performance improvement with no more than 1.5 encoding complexity increase and no more than 2 decoding complexity  increase was proposed in JVET-AH0199  

In potential call for evidence complexity should be one of evaluation criteria. At least some run time for encoder and decoder shall be checked, this implies that both decoder and encoder shall be part of CfE response and undergo cross-check. Cross check for encoder and decoder complexity was not part of CfE / CfP before, inclusion this element to CfE is a good opportunity to figure out how feasible and how meaningful this cross-check is. 

	6. End-to-end delay
Requirements:
· The next-generation coding standard shall enable low end-to-end delay operation, efficiently enabling interactive and conversational applications, including consideration of network transmission aspects and bitstream decoding stability in presence of lost / late packets. 
· Codec shall support applications requiring glass-to-glass delay of a single frame’s duration.  Codec shall support applications with delay requirements longer than a single frame’s duration with improved coding efficiency compared to single frame delay.
· The codec shall support ultra low delay coding, defined as a glass to glass delay of less than one frame’s duration.
· Resolution switching shall be possible when operating in a low delay configuration








There is no well-established and agreed testing procedure for codec operation considering end-to-end latency. It is recommended to review and (if agreed) use testing conditions for ultra-low end-to-end latency developed by JVET-AhG18. Inclusion of this test to CfE is a good chance to figure out how informative and meaningful proposed test conditions are, as well as collecting evidences that substantial improvement can be achieved using technologies beyond the current standards
Suggested modifications to the preliminary draft of requirement document
(Only the paragraphs that are suggested to be modified are included.)
1	Use cases and applications
Use cases:
· Anticipated use cases include:
· Ultra-low delay communication and entertainment, e.g. interactive cloud gaming or autonomous driving.
· Specific content types to be addressed
· Screen and synthetic content.
2	Compression capability
· The next-generation coding standard shall be capable of providing a substantial bit rate reduction at similar subjective quality compared to the VVC Main 10 profile over a wide range of bit rates, focusing on challenging content for which VVC Main 10 profile rate is higher than required for majority of applications. For the entire anticipated operation range, it shall provide some bit rate reduction relative to existing standard(s) for equivalent subjective quality.
3	Complexity
· Real-time decoding on a wide range of devices including mobile and wearable shall be feasible at the expected time of usage with power consumption not higher than twice compared to VVC Main 10 profile.
· The standard shall enable encoders to trade off complexity and coding efficiency in an economically viable way. Real-time encoding on a wide range of devices including mobile with adequate coding efficiency advantage over existing standards shall be feasible at the expected time of usage. Non-real-time encoding with further improvement of coding efficiency should be feasible at the expected time of usage.
6	End-to-end delay
· The next-generation coding standard shall enable low end-to-end delay operation, efficiently enabling interactive and conversational applications, including consideration of network transmission aspects and bitstream error resilience. 
9	Error resilience
· The error resilience shall/should be considered due to network transmission aspects with regards to ultra-low delay applications.  
__________________
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